To test whether gravity is required for normal amphibian development, Xenopus laevis females were induced to ovulate aboard the orbiting Space Shuttle. Eggs were fertilized in vitro, and although early embryonic stages showed some abnormalities, the embryos were able to regulate and produce nearly normal larvae. These results demonstrate that a vertebrate can ovulate in the virtual absence of gravity and that the eggs can develop to a free-living stage.
Is gravity required for normal embryonic development? Upon fertilization, most amphibian eggs rotate inside the fertilization membrane st) that the animal-vegetal axis is aligned with gravity. This "'rotation of fertilization" (1) is not a requirement for normal development, since eggs prevented from rotating can develop normally (2) . Nevertheless, the direction of the rotation of fertilization normally has a role in determining the polarity of the embryonic axis (1), and eggs inclined with respect to gravity form the dorsal structures on the side of the egg uppermost in the gravitational field (3, 4 For example, dala from a ground control run during the flight but with different frogs showed a difference in percent fertilization between the sham microgravity and sham 1 × g grot, ps. Eggs from one frog were divided into two groups and fertilized at the same time w.ith the same sperm preparation. Nevertheless, the two groups differed in fertilization efficiency' (71'I vs. 85_;-, P -(I.(}3). +Normality was assessed by the criterion of the dorso-anterior index. a measure of the extent of dorso-antcrior differentiation (1[)). Values in this index range from I) (no dorsal structures) to 1(I (radial hyperdorsal development), with i, score of 5 being normal. Contingcncy table analysis showed no statistically significant diffcrcncc between the two groups (n -209, )t 2 1.2t_, I' :: ().26).
looked normal. Moreover, virtually all tadpoles in both groups appeared normal externally (Table  I ).
There appears to be no difference in the rate of development between the two groups. 
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FIt;. 1. Saginal sections of gastrulac {stage liP.';) show'ing differences bctv,'ecn enlhr}os developed on the 1 > g centrifuge (A) and those developed at microgravity (B). The micr¢_gravil', sample generally showed thicker blast¢_cnel r¢uffs comprising more cell layers than in the 1 × g controls; and the dorsal lip of lhe blastopore (bp) formed nearer the vegetal pole than in the I *".g c¢mtrols. Embryos were fixed mflight and stained with hematoxylin cosin-B, phloxine-B, and fast green. The tadpoles returned from spaceflight metamorphosed and matured normally. Reproductive function was unimpaired, and no abnormalities were found in the Earth-born F, tadpoles. The four adult frogs returned from flight in excellent condition.
They were spawned at 2-month intervals during the 6 months after flight and contint, ed to yield high-quality eggs.
DISCUSSION
The availability of astronauts to conduct experiments in flight allowed us to design our study and the supporting equipment so that we could test whether gravity is required for the formation of the embryonic axis in amphibian embryos. Earlier experiments either launched embryos fertilized on "the ground after the most gravity-sensitive window had passed (15) or were limited by the constraints of small automated experiment containers which did not allow development to proceed beyond the gastrula stage (7). The 1 × g centrifuge in the FEU allowed us to expose embryos from the same spawnings to both microgravity and 1 × g conditions. Fcrtilization rates were high at both microgravity (88%) and at 1 x g (73%). We do not consider the differences in percent fertilization to be biologically significant (Table  1) . By the two-cell stage the microgravity group showed a slight displacement of the mitotic asters toward the vegetal pole (data not shown).
If 
